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ABSTRACT 
 
Biomass of various sources such as those of cellulosic and hemicellulosic 
contents were proven to produced bioethanol.This study focused on the production 
of bioethanol from waste fruits of grapes and apples using yeast Saccharomyces 
cerevisiae, which is  viewed as a mean of reducing environmental pollution. High 
bioethanol production was obtained using yeast loading of 4 g/L at 32°C after 3 
days of fermentation time producing bio-ethanol 13.1% (v/v) and 9.2% (v/v) in 
rotten grapesand apples respectively. Bioethanol yeild was observed to decreased 
with increasing fertmentation time beyond 3 days, probably due to microbial wastes 
such as CO2  that accumulates in the fermentation media, that tends to reduced 
the media pH thereby inhibiting microbial growth by cyto-toxicity effect.  Among the 
parts of friuts used as substrates, pulp was observed to produced more ethanol 
(13% ±0.2) as compared to the skin, probably due to low lignin content of the pulp. 
Comparing enzymatic hyrolysis of the fruits cellulosic content to simple sugars, 
amylase was observed to produced high glucose yeild (8.5 ± 0.2 mg/mL) as 
compared to cellulase (7.5 ± 0.2 mg/mL). 
The obtained bioethanol was subjected to engine test and  revealed a remarkable 
reduction of hazardous gases (NOx, CO2,  CO, SOx and HC) in the blends of 
bioethanol (E10, 90% pure fuel + 10% bio-ethanol). The emission tests were 
performed on Proton Gen 2 Multicylinder engine, with less greenhouse gasses 
emission in grape waste than in apple waste.  
. 
ii 
 
ACKNOWLEDGEMENTS 
 
I would like to express my heartfelt gratitude to my supervisors in persons of 
Associate Professor Dr. A. B. M. Sharif Hossain and Dr. Khanom Binti Simarani for 
their supervision, patience, encouragement and continuous help during the course 
of this research work. 
With respect, I am thankful to my friends in Malaysia and outside Malaysia, for the 
support whenever I needed them. Special thanks for my friends Dr. Majed Alyahya 
and Ahmad Mohammed Gumel for their academic advice and guidance. 
Finally, I would like to acknowledge my beloved family for their moral guidance, 
care, support and understanding throughout the period of my study.  
  
iii 
 
Table of contents 
Abstract i 
Acknowledgement ii 
Table of contents iii 
List of figures vii 
List of tables viii 
  
Chapter 1 1 
1.0 Introduction 1 
1.1 Research objectives 4 
   
Chapter 2 5 
2.0 Literature review 5 
2.1 Bioethanol 5 
2.1.1 Production of bioethanol 7 
2.1.2 Sources of bioethanol 8 
2.1.3 Bioethanol economics 9 
2.1.4 Bioethanol and environment 9 
2.1.5 Production of bioethanol from corn 10 
2.1.6 Production of bioethanol from sugarcane 10 
2.1.7 Production of bioethanol from algae 11 
iv 
 
2.1.8 Production of bioethanol from fresh and rotten fruits 12 
2.2 Ethanol production from grapes and apples 12 
2.2.1 Grapes (Vitis vinifera) 12 
2.2.1.1 Grapes pomace 13 
2.2.1.2 Nutritional content of grapes 14 
2.2.2 Apple (Malus domestica Brokh) 14 
2.2.2.1 Nutritional content of apple 15 
2.2.3 Yeast (Saccharomyces) 15 
2.2.3.1 Saccharomyces and ethanol production 16 
Chapter 3 17 
3.1 Materials 17 
3.1.1 Feedstock 17 
3.1.2 Microorganism 17 
3.1.3 Enzymes 17 
3.2 Methods 17 
3.2.1 Sample collection and processing 17 
3.2.2 Fermentation 18 
3.2.3 Effect of yeast concentration on bioethanol production 19 
3.2.4 Effect of physical parameters on bioethanol production 19 
3.2.4.1 Effect of temperature on bioethanol production 19 
3.2.4.2 Effect of initial pH 20 
v 
 
3.2.4.3 Effect of fermentation time 20 
3.2.5 Fermentation of different fruit parts 20 
3.2.5.1 Fermentation of different raw materials  20 
3.3 Enzymatic hydrolysis 20 
3.3.1 Filtration 21 
3.4 Analyses methods 21 
3.4.1 Ethanol content 21 
3.4.2 Glucose content 22 
3.4.3 Chemical analysis 22 
3.4.4 Engine emission test 23 
3.4.5 Viscosity 23 
3.4.6 Acid value 23 
   
Chapter 4 24 
4.0 Result and discussion 24 
4.1 Effect of yeast concentration 24 
4.2 Effect of temperature on bioethanol production  27 
4.3 Effect of initial pH  29 
4.4 Effect of fermentation time 32 
4.5 Fermentation of rotten and fresh fruits 34 
4.6 Fermentation of different fruits parts 35 
vi 
 
4.7 Fermentation with enzymatic hydrolysis 36 
4.8 Measurement of viscosity and acid value 39 
4.9 Chemical analysis 40 
4.10 Engine test 42 
   
Chapter 5 45 
5.0 Conclusion 45 
References 46 
Appendix A 54 
List of publications 68 
 
  
vii 
 
LIST OF FIGURES 
 
FIGURE 3.1: Materials used in the study…………………………………….….....……18 
FIGURE 3.2: Filtration process……………………………………………………......…..21 
FIGURE 3.3: Digital ethanol refractor meter……………………………………..…...….22 
FIGURE 3.4: Glucose digital refractor meter……………………………..………....…..22 
FIGURE 4.1: Effect of yeast concentration on bioethanol production….….…........24 
FIGURE 4.2: Effect of Temperature on bioethanol production ………..………..….….28 
FIGURE 4.3: Effect of pH on bioethanol production ……………………………...….30 
FIGURE 4.4: Effect of fermentation time on bioethanol production ………………..33 
FIGURE 4.5:  Effect of different parts of fruits on bioethanol production……….….35 
FIGURE 4.6: Effect of enzymatic treatment on bioethanol production…………...…..37 
 
 
 
 
 
 
 
 
 
 
 
  
viii 
 
LIST OF TABLES 
 
 
TABLE 2.1: Properties of gasoline and ethanol…………………………….…....…..6 
TABLE 2.2: Nutritional value of grapes………………………………………........….14 
TABLE 2.3: Nutritional value of apples………………………………...…....……......15 
TABLE 4.1: Effect of yeast concentration on bioethanol production …………..25 
TABLE 4.2: Effect of temperature on bioethanol production……………....….....27 
TABLE 4.3: Effect of pH on bioethanol production …………………………….......31 
TABLE 4.4: Effect of fermentation tim……………………………………..…………33 
TABLE 4.5: Effect of fruit condition……………………………………………......…34 
TABLE 4.6: Fermentation with different fruit parts……………………………..….36 
TABLE 4.7: Enzymatic hydrolysis………………………………….……………..….38 
TABLE 4.8: Measurement of viscosity of acid value………………………………...40 
TABLE 4.9: Chemical analysis of grape and apple……………………………….…41 
TABLE 4.10: Engine Emission test………………………………………………..…..44
